The aim of the study is to characterize 241 Am-Be isotopic neutron source with 5 Ci activity and nominal neutron yield 1.1×10 7 n/s. The emitted neutrons were measured employing threshold multi-foil activation technique using the following reactionsAl(n,α). The threshold reactions were selected based on their half-lives, adequate threshold energy and crosssection. The reaction rate of each sample foil is measured by detecting the gamma ray spectra produced as a result of reaction products decay. A hyper pure germanium detector (HPGe) is used for gamma-ray spectrum measurements. The obtained spectra were analyzed using Genie2000 software and the associated system absolute efficiency was calculated using Efftran software. Obtained reaction rates were compared with available published data.
INTRODUCTION
Isotopic Neutron Sources (INSs) such as 241 Am-Be, 226 Ra-Be, and 239 Pu-Be are widely used in a variety of applications such as neutron activation analysis [1] [2] [3] [4] . Each INS has a specific strength and spectrum. The need for the characterization of INSs is essential and plays an important role in the shielding design and determination of their potential uses. Different techniques are used for neutron spectrum characterization such as Bonner Sphere Spectrometer [5] [6] [7] [8] , and foil activation technique [9] [10] [11] [12] [13] [14] [15] [16] . There are several advantages of using foil activation technique in neutron field characterization, measurements and mapping due to their small size, insensitivity to gamma radiation, low cost and their ability to tolerate different conditions of measurements [17] .
The threshold reactions such as (n, p), (n, α), (n, 2n) and (n, n′) can be used to determine the neutron flux density and spectrum in the fast energy region using different unfolding methods [18, 19] . The present work aims to study the use of threshold activation foils to characterize 241 Am-Be isotopic neutron source. Different materials are used in our experiment as threshold detectors. The criteria for the selection of materials used as detectors depend on the following: (1) suitable half-life of the reaction product, (2) type of reaction product and possibility of detecting the emitted radiation, (3) high reaction cross-section and appropriate effective threshold energy aiming to cover the entire range of source neutron energies, and (4) availability of the materials with low cost and high degree of purity.
MATERIALS AND METHODS: 2.1. Description of 241 Am-Be irradiating system:
The irradiating system consists of three components; 241 Am-Be source, shielding house and source handling system. The 241 Am-Be neutron source has activity 5 Ci (185 GBq) and nominal neutron emission rate 2.2x10 6 n/Ci. The source has a cylindrical shape with external dimensions of 22 cm long and 4.4cm diameter. The active volume at the center of cylindrical source contains AmO2-Be powder that is doubly encapsulated inside welded stainless-steel layers.
The neutron house is a wooden cubic box of dimensions 60×60×60 cm 3 . A layer of 6 cm paraffin wax mixed with 20% boric acid (H3BO3) was placed in the outer sides (faces) of the cube, while the core is filled with paraffin wax mixed with 5% boric acid. At the center of the cube, a horizontal cylindrical tube with inner diameter 4.8 cm was built for neutron source to easily move inside it. The box outer layer composed of 2 cm lead surrounds the cubic structure to attenuate the gamma radiation.
Safe handling of the source was achieved using special apparatus insuring taking it out easily of its housing system for irradiation and inserting it back to the center of the housing for storage. During irradiation, the source was taken out of the housing to a distance of 50cm and fixed on a wooden table with dimensions of 50cm wide and 120cm length. The experimental arrangement of the irradiating system including the neutron irradiator, neutron house as well as the neutron source handling system is presented in figure 1 [20] . 
Threshold detectors:
Seven different foils were used in current study with different cross-sections and gammaray energy emission. They were exposed to a flux of neutrons for a period of time depending on the half life of the product nucleus. The irradiation times of In(n,n') reaction was 22.5h, Ni(n,p) reaction was 164h, Zn(n,p) reaction was 69h, Al(n,p) reaction was 1h, Fe(n,p) reaction was 5h, Co(n,α) reaction was 23h, Mg(n,p) reaction was 43h and Al(n,α) reaction was 45h. The foils were placed during irradiation in contact with the source at its center. The nuclear data of the used threshold activation reactions are summarized in Table 1 . Figure 2 presents the cross-sections as a function of neutron energy of the used threshold reactions [21] . 
High Resolution Gamma Spectroscopy System:
The measurements of foils activity are obtained from the gamma-ray emission that results from the decay of the target foil. The emitted gamma-rays were measured using high resolution gamma-ray spectrometry system equipped with germanium (HPGe of 70% relative efficiency) detector manufactured by ORTEC, adjustable High-Voltage Power Supply (ORTEC; model 459, 0-5kV) and amplifier (TENNELEC; model TC 240). The measuring system was connected to a personal computerbased data acquisition system, which has a digital-Multi-Channel-Analyzer (CANBERRA; model Multi Port II, 8096 channel).
The calibration of the detector was performed before the analysis using a set of standard sources ( 60 Co, 137 Cs, 22 Na, 133 Ba, and 152,154,155 Eu). The analysis was made using the software Genie-2000.
Efftran software [22] was used to determine the efficiencies of the system considering dimensions of target foils, detector and measurement geometries. It implements the efficiency transfer method using Monte Carlo technique to transfer point-source efficiency into volumetric sample efficiency. The specification of the detector was defined as specified by the manufacturer.
RESULTS AND DISCUSSION:
The characterization of the neutron field was carried out using seven different activation foils as threshold detectors. The reaction rates were obtained from the gamma-ray emission from the decay of the reaction products.
The reaction rate (RR) induced in a threshold detector irradiated by the neutron source during time ti and measured during time tm after a cooling time tc was derived from the following expression [1] :
Where M is the atomic weight of sample (amu), λ is the radioactive decay constant (s -1 ), C is the gamma-ray photo-peak counts, m is the mass of the sample (g), NA is the Avogadro number, ε is the absolute efficiency, Pγ is the gamma-ray decay probability, θ is the isotopic abundance of the irradiated material.
Flux corresponding to different threshold reactions was estimated by dividing the measured reaction rate by the energy-averaged cross-sections. The energy-averaged crosssection σ was derived using the 241 Am-Be ISO 8529-1 spectrum and tabulated IRDF cross-section data for the isotopes of interest [21, 23] according to the following equation [24] . ϕ (cm -2 .s -1 ) = RR / σ
Where σ(E) is the activation cross-section at energy E, n(E) is the neutron intensity at energy E, Emax is the maximum energy of the neutron in the spectrum, Ethr is the effective threshold energy calculated according to the follwing condition [25] :
in which ƞ(E) is the neutron spectral shape function Table 2 presents the results of measured reaction rates for the used foils, as well as various published data. Current data were obtained by neutron irradiation of monitor reactions utilizing 241 Am-Be source of 1.1x10 7 n/s nominal total emission rate, whereas Uddin data made use of 241 Am-Be neutron source with neutron yield of 7.5×10 6 n/s [24] . The reaction rate data of Son and Tan were obtained employing Dalat nuclear research reactor (radial channel No. 4) with nominal power of 0.5 kW and 5.06x10 8 n/cm 2 .s fast neutron flux as estimated by 58 Ni monitor reaction [16] . Azad data were obtained using a Spherical Uranium Converter (NISUS) with flux around 5x10 7 n/cm 2 .s [26] .
The values of measured reaction rates are affected not only by source flux, but also by the spectral shape function. 241 Am-Be sources' neutron spectra have multiple peaks at high energies with very little thermal neutron component (less than 1% of the total yield) [23]. On the other hand, Dalat reactor have Maxwelian shape around thermal neutrons follwed by 1/v fast neutron dependance. As outlined by Azad [26] , NISUS uranium converter spectrum has a fast neutron maximum value around 1 MeV and a long tail up till 11 MeV.
As is seen from table 2, Uddin isotopic neutron source has reaction rates of same order of magnitude compared with the current measurements. Likewise, fission neutrons of Dalat reactor and NISUS converter have same data orders, reflecting the similarities of fluxes and spectral shapes.
The estimated integral-fluxes are presented in table 3. It is clear that reactions of lower threshold energy can respond to a wider range of energies yielding higher flux values (see figure  3 ). Therefore 115 In(n,n') flux can properly represent the fast neutron part of 241 Am-Be emitted neutrons covering the whole energy range from 1.8 MeV to 6.9 MeV. 
CONCLUSION:
In the present work, 241 Am-Be neutron source with activity 5 Ci and nominal neutron yield 1.1×10 7 n/s has been characterized using threshold activation detectors and HPGe based gamma spectrometer. The used reactions cover effective-threshold-energy range from 1.8 to 6.9 MeV detecting the neutron energy up to the ISO-8529 limit of 11 MeV. The threshold detectors have been successfully applied to map the neutron flux over the entire energy range of the source-neutrons. The obtained results with data [24, 26] comparisons were reveals that the differences of reaction rates could be explained in light of sources' flux and spectral shape. Thus, sources of different neutron origins (fission or reaction) show similarities in their induced reaction rates. 
